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INTRODUCTION 


Many power control engineers have designed successful switch- 
ing power supplies around the SGI 524 Pulse Width Modulator 
integrated circuit. This application note explains the differences 
between this earlier device and the more sophisticated SGI 524B. 
While the functional pinouts are identical for the two devices, there 
are some distinct operational differences which the user should 
be aware of when designing new supplies or when updating an 
existing design. In many cases design changes are minimal (such 
as adjustment of frequency compensation) or not required at all. 
At the same time the improvements in control architecture and 
circuit design of the SGI 524B allow the designer to obtain levels 
of performance in new power supply designs not possible with the 
older device. 


GENERAL COMPARISON 

Figures 1 and 2 show respectively the block diagrams of the 
SGI 524 and the SG1524B. Both devices were designed for 
voltage-mode control, but both can be used to implement current- 
mode control as well with the addition of an external dual op amp. 
For further details see the Silicon General Application Note 
“Current Mode Control with the SG1524B.” 

The main functional difference between the two circuits is in the 
action of the shutdown pin. In the SGI 524, a voltage at Pin 1 0 
greater than +0.7 volts will turn on an internal transistor which pulls 
the error amplifier output to ground. In the SG1524B, a voltage 
greater than +1.2 volts at Pin 10 activates a logic gate which 
inhibits the pulse output of the PWM comparator. The error 
amplifier output-voltage is not affected directly. 

Other improvements include the addition of an undervoltage 
lockout function and fault suppression logic. These provide 
protection against inadequate supply voltage to the control 1C and 


insure constant-frequency alternating output pulses to the power 
devices. 






Figure 2. SG1524B Block Diagram 
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INDIVIDUAL SECTION DIFFERENCES 
Voltage Reference 

The voltage reference is a low-drift bandgap design which pro- 
vides a precision +5.0 volt references for the control loop. Initial 
accuracy is ±1% for the SG1524B/2524B, and ±2% for the 
SG3524B. This is a factor of four improvements over the original 
reference. Line regulation is typically better by a factor of 3:3mV 
instead of lOmV. Load regulation is better by a factor of 4:5mV 
rather than 20mV. The temperature coefficient is also lower and 
more uniform from device to device. All these features translate 
directly into tighter tolerances on the switcher output voltage. 

At 25°C the differential drop across the regulator is only 1 .2 volts, 
as opposed to 2.7 volts for the 1524. Figure 3 shows the 
relationship between V IN and V REF for both devices. As a result, the 
SG1524B is fully functional with a 6.2 volt supply. Under worse 
case conditions of l L0AD = 20mA and T A = -55°C, all devices also 
guaranteed to function at Vin = 7 volts. 
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Figure 3. Reference Voltage vs. Supply Voltage 


Undervoltage Lockout 

This circuit has two sections: a controlled current source which 
forces the error amp low and the output transistors off, and a 
bandgap comparator which overrides the lockout source. The 
current source is fully active when V IN is +1 .2 volts. Since the error 
amp and output driver cannot function until Vin is approximately 
3 volts, it is impossible for spurious output pulses to occur when 
the supply voltage is too low for normal operation. 


The bandgap comparator monitors the reference voltage. It 
enables the SGI 524B when the reference rises to +4.3 volts. This 
arrangement allows operation from a +5 volt ±5% supply by 
connecting V IN and V REF together. 

The action of the undervoltage lockout can be observed with the 
test circuit of Figure 4. A 1 00K pull-up resistor is connected from 
Compensation to V IN . V IN is swept from 0 to +6.5 volts with 5Hz 
triangle waveform from a function generator. An oscilloscope in 
XY Mode displaying V IN horizontally and Compensation vertically 
will generate the display shown in Figure 5. 



SG 1524B 



Figure 4. Undervoltage Lockout Test Circuit 
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Figure 5 - Undervoltage Lockout At The Error Amp 
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As Vin slowly sweeps from 0 to 1 volt, the lockout current source 
becomes active and pulls the error amp to ground, guaranteeing 
0% duty cycle from the controller. Froml voltto approximately 5.5 
volts the controller is inhibited while the internal circuitry stabi- 
lizes. At 5.5 volts the bandgap comparator overrides the lockout 
current, releasing the output of the error amp. The reverse portion 
of the voltage sweep is identical, except that approximately 
200mV of hysteresis can be observed atthe comparatortrip point. 

Oscillator 

The oscillator of the SGI 524B is programmed for frequency with 
an external R T and C T in the same manner as the SGI 524. Both 
initial accuracy and temperature coefficient have been improved 
with the “B” version. 

There are two methods to synchronize multiple units together. 

A. Program master unit with R T and C T for the desired fre- 
quency. Connect the Ct terminal (Pin 7) of the master to 
the Ct terminal of the slave. Connect the OSC terminal 
(Pin 3) of the master to the OSC terminal of the slave. 
Leave the slave R T terminal (Pin 6) open or tied to the 
reference. This is the recommended approach if the 
PWM controllers are close together (on the same printed 
circuit board and within six inches of each other). 

B. Program a master unit for the desired frequency. Select 
R t and C T for the slave units such that they free-run at a 
frequency 10% slower than the master. Connect all the 
oscillator terminals together. This method is recom- 
mended if the PWM controllers are not close together, 
since it avoids routing a high impedance line (C T ) around 
a noisy environment. 

To synchronize one or more devices to an external clock fre- 
quency, one of the connections shown in Figure 6 should be used. 
The device(s) to be synchronized should free-run 10% slower 
than the clock. Pulse width of the external clock should be at least 
200nsec, but not longer than the desired deadtime. 




B. 5VOLT CMOS LOGIC 


Figure 6. Oscillator Sync to an External Clock 


Error Amplifier 

The error amplifier of the SG1524B is, like its predecessor, a 
transconductance design with an output impedance of approxi- 
mately 4 megohms. This allows use of external clamp circuitry to 
obtain soft-start and duty cycle limit, as on the original 1 524. Since 
all the voltage gain takes place at the output pin, open-loop gain/ 
frequency characteristics are easily controlled by shunt reactance 
from Pin 9 to ground (Figure 7). Also, this type of amplifier has a 
very predictable 1/T variation of open-loop gain with absolute 
temperature as shown in Figure 8. 



pole 27TR 0 C pole 
where RQ = 0utput Impedance 


^Rzero^pole 
where Cp 0 | e »CQ 120pF 
and Rzero << Ro 


Figure 7. Frequency Compensation of the Error Amplifier 
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Figure 8. Open Loop Gain vs. Temperature 


The input common mode range is +2.3 to +5.2 volts, so that 
existing designs at +2.5 volts will function with no modifications. 
For new designs the +5 volt reference may be applied directly to 
the non-inverting input, eliminating the necessity for two divider 
resistors. 

Since the lower common mode limit is +2.3 volts for the 1 524B and 
+1 .8 volts forthe 1 524, neither amplifier should ever be used in the 
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non-inverting unity-gain configuration shown in Figure 9. The 
error voltage must swing down to +0.5 volts to guarantee 0% duty 
cycle from the pulse width modulator, and this violates the 
common mode range specification. 

In general, any frequency compensation for the voltage control 
loop which works with the SGI 524 can also be used with the 
SG1524B with no modification. 



Figure 9. Non-Inverting Unity-Gain Connection 
(Not Recommended) 

Current Limit Amplifier 

The current limit amplifier of the SG1524B is one of the most 
significant areas of change from an applications viewpoint. Like 
the original circuit, there is a fixed 200mV threshold designed into 
Pins 4 and 5 to permit direct sensing across a current sampling 
resistor. Differences in the “B” circuit affect the input bias current, 
allowable common mode range, and stability in current-limit. 

Input Bias Current 

In the SGI 524, there is a constant 130pA flowing out of Pin 4, 
while the current out of Pin 5 is variable from 0 to 1 OOpA depending 
on the differential input voltage. Because of this characteristic, the 
current limit sense terminals must be driven from source imped- 
ances less than 20 ohms to avoid modulating the current limit 
threshold. The “B” device features bias currents which are 
identical at each pin, are independent of current sense voltage, 
and are a factor of 10 lower. This allows predictable foldback 
current limiting without wasteful low-resistance divider networks. 

Common Mode Range 

The guaranteed common mode range of the current sense inputs 
is 0 volts to Vin -2.5 volts. Current sensing in a supply ground line 
is possible, but the configuration of Figure 10 should be used to 
avoid damaging the 1C. The 1 0Oohm resistor is required because 
of delays through the controller and storage time in any bipolar 
device. The SG1524B will reduce the pulse width as Pin 5 is 
driven 200mV below ground, but in practice it is overdriven due to 


the aforementioned delays. If Pin 5 is driven below -0.3v at T A = 
+ 1 25°C the substrate diode will conduct. The 1 0Oohm resistor will 
limit the peak substrate current to a safe value without shifting the 
C.L. threshold. 



Figure 10. Current Sensing in the Ground Line 


Current sensing may also be accomplished with a common 
emitter or source resistor to ground as shown in Figure 1 1 ; or it 
may be placed in the supply output line, as indicated in Figure 1 2. 
At -55°C the value of Vin must be at least 2.5 volts greater than the 
switcher output voltage. 



Figure 1 1 . Sensing Primary Current With an Emitter Resistor 



Figure 12. Current Sensing in the Output Line 
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Frequency Compensation 

The original SGI 524 current limit amplifier had a typical open loop 
gain of 44dB and was internally compensated to produce a single- 
pole rolloff above 300Hz. The SGI 524B exhibits 75dB of gain and 
has no internal compensation. The circuit may be used as a 
moderate speed comparator, or it may be used as an analog gain 
block to override the error amplifier. 


Output Transistors 

The output devices have been redesigned to provide 100mA 
continuous and typically 200mA peak, with BV CEX ratings of 60 
volts. Saturation voltage is guaranteed both at 10m and 100mA 
to ease the interface with external power devices. 

Bipolar Drive 


Because of the higher gain and bandwidth, designers may find 
that the control loop will oscillate when the supply goes into current 
limiting. The cure is to add frequency compensation externally to 
the current limit circuit or to rework the existing voltage loop 
compensation. See the Silicon General Application Note "A New, 
Versatile P.W.M. Control Circuit for Switching Power Supplies.” 

Shutdown 

The shutdown circuit of the “B” is illustrated in Figure 1 3. It has the 
following differences compared to the 1524: 

A. Logic threshold is +1 .2 volts instead of +0.7 volts for com- 
patibility with TTL logic and improved noise immunity. 

B. Input current is very low (usually under 1 00pA) even at +5 
volts input. The pin may be driven directly from TTL logic 
(all families) to TTL-output comparators. 

C. Response time is very fast, between 35 and 100 nanos- 
econds depending on output transistor loading. 


For driving bipolar devices the circuit in Figure 14 is recom- 
mended. The ouput transistor is used as a phase-splitter to 
generate the necessary base drive. Figure 1 5 illustrates forward 
and reverse base current, and collectorcurrent of a PMD 20K 1 20 
volt, 14amp Darlington using this driver configuration. 


+ 15V 




Figure 13. Shutdown Circuitry otthe SG1524B 


The shutdown pin should never be left floating. If not used, the 
pin should be grounded. If the shutdown function is used, the pin 
should be driven from a low impedance source to prevent noise 
pickup. The internal logic is very fast, and will respond readily to 
spurious pickup from the normally noisy environment of a 
switcher. 


Figure 14. Driving Power Bi-Polar Transistors with the SGI 524 



Figure 15. Bipolar Turn-Off Waveforms. 

Upper Trace: Darlington Base Current @ 200 Nsec/Div. 
Lower Trace: Collector Current @200 Nsec/Div. 
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MOSFET Drive 


Highly capacitive loads such as presented by the gated of power 
MOSFET’s can be readily driven with the circuit in Figure 1 6. At 
turn-on, 200mA of charging current is conducted by D1 . During 
turn-off D1 becomes back-biased by the pull-down resistor. Q1 
turns on and provides 500mA of discharge current. Figure 17 
shows the turn-off gate voltage and drain current of an I RF1 30 1 00 
volt, 14amp power MOSFET driven directly with this circuit. 

CONCLUSION 

A designer who is familiar with the SGI 524 will find it relatively 
easy to adapt his designs to use the SG1524B. The immediate 
benefits are higher levels of power supply performance, worth- 
while reductions in total component count, a greater degree of 
protection for the power devices, and lower overall costs. 




Figure 17. MOSFETS Turn-Off Waveforms. 
Upper Trace: Gate Voltage @ 100 Nsec/Div. 
Lower Trace: Drain Current @ 100 Nsec/Div. 


Figure 16. Driving Power MOSFETS With the SG1524B 
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